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ABSTRACT 
The effects of porosity on mechanical properties of cast discontinuous reinforced 
meta] matrix composite (DRMMC) were investigated. Hence, a casting rig was 
fabricated to produce DRMMCs via conventional and modified stir casting method . The 
modified stir casting method performed pre-heating of reinforcement particles during 
matrix alloy melting. Silicon carbide particle reinforced aluminium alloy composites 
were produced with three different stirring speeds: 100, 200 and 500rpm. Cast 
DRMMCs were evaluated in as-cast condition for microstructure analysis, porosity and 
density measurement and mechanical testing. The mechanical properties of cast 
DRMMC were determined from tensile and fatigue tests conducted at room temperature. 
Tensile tests were referred to ASTM B557 standard while the axial fatigue test (ASTM 
E466) was conducted at stress ratio (R) of -1. A finite element method (FEM) analysis 
was carried out using Solidworks 2003 software. It was found that the major causes of 
porosity occurrence in cast DRMMC were clustered silicon carbide particles, gas 
entrapment and solidification shrinkage. From porosity measurement, conventionally stir 
cast DRMMCs contained higher porosity compared to the modified stir cast DRMMCs. 
The least content of porosity evaluated is at 0.09% in modified stir cast DRMMC, while 
the highest is at 12.45% in conventionally stir cast DRMMC. Fatigue strength (at 1 x 107 
cycles) of cast DRMMCs at 5, 10, and 15% reinforcing SiC particle were 129.7, 141.5 
and 157.3 MPa respectively. Based on the FEM analysis, porosity in conventionally stir 
cast DRMMC promotes higher von Mises stress as much as 40.2 MPa compared to 12.6 
MPa in modified stir cast DRMMC. The porosity contents increased with increasing 
silicon carbide particles. Higher stirring speed tended to entrap more gas during mixing, 
whereas a lower stirring speed was ineffective to disperse SiC particles and results in 
clustering. Increasing porosity content in cast DRMMC had decreased the density and 
tensile properties ofDRMMC as depicted by the FEM analysis. Though, fatigue strength 
increased as a result of existing constraints in form of porosity. 
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ABSTRAK 
Kesan-kesan keliangan ke atas sifat mekanik tuangan komposit matriks logam 
bertetulang partikel (KMLBP) telah dikaji. Satu 'casting rig ' telah direkabentuk untuk 
menghasilkan KMLBP melalui kaedah tuangan kacau biasa dan tuangan kacau 
terubahsuai. Di dalam kaedah tuangan kacau terubahsuai, proses pra-pemanasan 
terhadap partikel telah dilakukan semasa peleburan aloi matriks. Komposit aloi 
aluminium bertetulang partikel silikon karbida dihasilkan dengan tiga kelajuan 
pengacauan yang berbeza iaitu 100, 200 dan 500 ppm. Tuangan KMLBP dinilai untuk 
analisis mikrostruktur, pengukuran ketumpatan dan pengukuran keliangan serta ujian 
mekanikal. Sifat mekanik tuangan KMLBP ditentukan daripada ujian tegangan dan ujian 
lesu yang dijalankan pada suhu bilik. Ujian tegangan ini merujuk kepada piawaian 
ASTM B557. Manakala ujian lesu yang dilakukan pada nisbah tegasan (R), -1 pula 
merujuk kepada piawaian ASTM E466. Analisis kaedah unsur terhingga (KUT) 
dilakukan menggunakan perisian SoUdworks 2003. Daripada kajian, didapati bahawa 
punca utama pembentukan keliangan di dalam tuangan KMLBP adalah partikel silikon 
karbida yang berkelompok, gas yang terperangkap dan pengecutan semasa proses 
pemejalan. Melalui pengukuran keliangan, KMLBP yang dihasilkan melalui tuangan 
kacau biasa mengandungi peratusan keliangan yang lebih tinggi berbanding KMLBP 
yang dihasilkan melalui tuangan kacau terubahsuai. Kandungan keliangan minimum 
yang diperolehi adalah 0.09% di dalam KMLBP tuangan kacau terubahsuai , manakala 
kandungan yang tertinggi pula didapati di dalam KMLBP tuangan kacau biasa iaitu 
12.45%. Kekuatan lesu (pada lxl07 kitar) tuangan KMLBP dengan kandungan partikel 
silikon karbida 5%, 10% dan 15% masing-masing ialah 129.7 MPa, 14l.5 MPa dan 
157.3 MPa. Berdasarkan kepada analisis KUT, keliangan di dalam KMLBP tuangan 
kacau biasa memberikan tegasan von Mises yang lebih tinggi iaitu 40.2 MPa berbanding 
12.6 MPa di dalam KMLBP tuangan kacau terubahsuai . Kandungan keliangan juga 
meningkat dengan pertambahan kandungan partikel silikon karbida. Halaju pengacauan 
vi 
yang lebih tinggi cenderung untuk memerangkap lebih banyak gas manakala halaju 
pengacauan yang lebih rendah pula kurang berkesan untuk menyerakkan partikel silikon 
karbida dengan lebih seragam. Peningkatan kandungan keliangan dalam tuangan 
KMLBP merendahkan ketumpatan dan sifat tegangan KMLBP. Namun, kekuatan lesu 
meningkat akibat kewujudan kekangan yang dihasilkan oleh keliangan. 
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CHAPTER I 
INTRODUCTION 
Metal matrix composites (MMCs) were initially transpired as early as 1960s 
where aluminium or copper were commonly used as matrix materials reinforced with 
30-70% of continuous tungsten or boron fibres. Expansion of MMCs production in 
1980s had deliberately led to the development of discontinuously reinforced metal 
matrix composites (Clyne, 1996). Generally, metal matrix composite is a material 
consisting of metal alloys reinforced with continuous fibres, or whiskers and 
particulates. Various forms of reinforcement are shown in Figure 1.1, ranging in 
diameter from a few micrometers to nearly 300J.1m. B, Ah03, C, SiC, and steel wires 
were among the greatest interest of fibres, while among the whiskers and particulates 
were SiC, ShN4, Ah03 and TiC which were normally ceramic material. In order to 
combine the desirable attributes of metals and ceramics, MMCs were designed. They 
have many advantages, which include high strength, toughness at elevated 
temperature, low density, and higher stiffness and mechanical strength compared to 
matrix alloys. Some applications of MMC are shown in Table 1.1. 
Various processing methods established along with MMC evolution were 
classified into solid state and liquid state processing. Recent studies ofMMC were 
particularly claimed on the development of discontinuous reinforced MMC 
(DRMMC). Consequently, the particle reinforced MMC is developing into the most 
important of metal matrix composites. It was essentially focused on aluminium based 
matrices reinforced with SiC, or Ah03 particles. Hence, five selected processing 
